There has been a great deal of attention to the low lying energy spectum in a nucleus because of the abundance of experimetal data. Likewise ,perhaps to a lesser extent but still significant the high end for a given configuration has been examined. Here ,using single j shell calculations as a guide we examine the middle part of the spectum resulting form single j shell calculations. Seniority arguments are used to partially explain the midshell behaviours even though in general seniority is not a good quantum number for mixed systems of neutrons and protons.
Introduction
One of the first things the present author learned was that for a system of neutrons and protons the seniority is not a good quantum number.This is when the author joined a collaboration with John McCullen and Ben Bayman on wave functions in the f 7/2 shell [1] . Only for a system of particles of one kind e.g. neutrons in the Ca isotopes is seniority conserved but once one has mixed systems the neutron-proton interaction strongly mixes states of different seniority. Nevetheless in this work it will becontend that some remnants of the seniority conserving J=0 T=1 pairing interaction survive.
We have recently performed single j shell studies of a system of 3 protons and one neutron (or holes) e.g. 96 Ag as 3 g 9/2 proton holes and one g 9/2 neutron hole. [2, 3] We focused on the yrast T=1 sttes and came up with a (2j-1) rule, namey that states with total angular momentum I=2j-1 lay very low in energy sometimes being the ground state. This value of I corresponds to the middle of the calculated spectrum. In the present work we extend the study to even-even nuclei such as 44 Ti and 96 Cd. Our contention will be that there is a fairly wide gap that separates the lower part of the spectrum from the upper part.
Calculations.
In the following 4 tables (II,III, IV and V) we present the energies of calculated spectra (MeV) as well as the difference in energies of adjacent spectra (Diff).
TableII In a single j shell calculation for 2 protons and 2 neutrons in a single j shell the maximum angular momentum of the 2 protons is 2j-1 and likewise for the 2 neutrons. Hence for the 4 particle system the maximum anguar momentum I max is equal to 4j-2 and the middle angular momentum is (2j-1).
We have recently performed single j shell studies of a system of 3 protons and one neutron (or holes) e.g. 96 Ag as 3 g 9/2 proton holes and one g 9/2 neutron hole. We focused on the yrast T=1 states and came up with a (2j-1) rule, namey that states with total angular momentum I=2j-1 lay very low in energy sometimes being the ground state. This value of I corresponds to the middle of the calculated spectrum. The spectrum of 96 Ag is poorly known but the rule has been verified experimentally for lighter nuclei such as 44 Sc and 52 Mn. Results from ref [3] are shown in Table I .
In the present work we extend the study to even-even nuclei such as 44 Ti, 52 Fe 96 Cd. Our contention will be that there is a fairly wide gap that separates the lower part of the spectrum from the upper part. The spectra are shown in Tables II for the . We focus only on even I in these tables. The lower half of the spectrum consists of states up to I=6 for the f 7/2 shell and up to I=8 for the g 9/2 shell. The midshell angular momenta are I=6 and I =8 respectively. These gaps, between I=2j+1 and I=2j=1( 8 to 6 and 10 to 8 respectively) are larger than the neighboring ones. These effects persist for several different interactions. Besides the INT d interaction of ref [1] and Qi [3] there is the one of Coraggio et al. [6] . They all give qualitatively similar results.
We show more briefly the calculated odd I spectrum for 96 Cd with the INTd interaction. We see that the first few levels are spaced very close to each other but these is a sudden gap between I= 9
+ and I=11 
Experimental results compared with theory
There is not enough experimental data in the g 9/2 shell i.e.
96 Cd , to make a comparison of theory and experiment, but such a comparison can be made in the f 7/2 region . The interaction used for 44 Ti is INTa from the two-particle spectrum of 
Explanation via Pairing interaction
We feel we can explain the above gap in the spectrum via the pairing interaction of B.H. Flowers [8] and A.R. Edmonds and B.H. Flowers [9] . The two body matrix elements in say the g 9/2 shell from J=0 to J=9 are -A,0,0,0,0,0,0,0,0,0, with A positive. The expression for the energies is :
with C negative. Here n is the number of valence nucleons, v is the seniority, T is the total isospin and t is the reduced isospin. The relation between A and C has ben discusssed by Harper and Zamick [10] . They note that for any j shell C=-A/((2j+1). This can be obtained by noting that the quantum numbers (T,t,v) for the lowest I=0T=0 state are (0,0,0) whilst for the unique I=0 T=2 state they are (2,0,0) .
In the N=Z nuclei we are dealing only with T=0 states whilst for the odd-odd nuclei in ref [1] all states had T=1.
The resulting yrast spectra for even I are as follows when we choose A=1 : :E(0)=0 , E(I)=1 for I=2,4,6and
8, E(I)= 2.2 for I=10, 12, 14and 16. So we see there is a break after I=8. We can understand this because the energy for this interaction does not depend explicitly on I. But it does depend on seniority. For I=2,4,6,and 8 we can have seniority v=2 states by coupling one pair of nucleons to J=0. But we cannot reach I=10,12,14 or 16 by coupling one pair to to J=0. Hence the latter states must have seniority v=4.
We can also look at the odd specra. For I= 1,3,5,7,9 E(I) is equal to 1.4 whilst for I= 11, 13 and 15 E(I)=2.2 Hence there is a predicted gap between I=9 and I=11. The same seniority argument applies for odd I. Such a gap also appears with more realistic interactions as seen in TableV. It should be emphasized that for most interactions e.g. INT seniority is not a good quantum number for a system of both neutrons and protons. With the interactions of Edmonds and Flowers [7, 8] seniority is a good quantum number . Some remnants of the senioriy behaviour in their simple interaction seem to have not been completely lost in the more complex INT and other interactions.
For completenss we show results with shematic interactions for yrast states in 96 Cd in Table IX and for yrast states in 96 Ag in Table X Note that with E(0) there is a high degeneracy-the low lying spectra do not spread out. Also note that with E(9) the ground state does not have I=0. Rather it has I=16, the maximum I , as the grounsd state. Although both E(0) and E(9) yield terrible spectra when we mix them to form E(0,9) we have the beginning of a reasonable spectrum, with I=0 as the ground state and some spreading out of the energy levels.
Appendix: Interactions used
The interactions used in the f 7/2 shell are shown in Table VII . The interactions used in the g 9/2 shell are shown in Table VIII . We also show the Q.Q interaction.In some but not all cases a constant has been added so that the J=0 matrix element is zero. This does not affect the spectra. 
